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(57)Abstract: 

PURPOSE: To obtain the optical waveguide contg. a rare 
earth metal complex which is low in loss from a visible 
light region to an IR region and exhibits light emitting and 
amplifying effects by incorporating the specific rare 
earth metal complex into a core part consisting of a 
polymer. 

CONSTITUTION: The rare earth metal complex 0 Y 0 

expressed by formula I is incorporated into the optical f jj | || 

waveguide having the core part consisting of the J ft 1 ^ C — Q-^Q — r b | jfl 

polymer and a clad part consisting of a polymer \ j 

enclosing the core part and having the refractive index ^ y 
lower than the refractive index of the core part. In the 
formula I, R1, R2 are respectively the alkyl group 
expressed by CnY2n+1 (Y is hydrogen, deuterium or 
halogen atom, (n) is positive integer <5), deuterated alkyl 
group or halogenated alkyl group or the phenyl group 
expressed by C6Y5, deuterated phenyl group or 
halogenated phenyl group; M denotes a rare earth metal 
atom selected from a group consisting of Er, Pr and Nd. 
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* NOTICES * 

JPO and NCI PI are not responsible for any . 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] Setting to the optical waveguide which has the core section which consists of a 
polymer, and the clad section which consists of a polymer which surrounds this core section and 
has a refractive index lower than the core section, said core section is the following general 
formula (I). 
[Formula 1] 

0 Y 0 N 

t H I II \ 

M (I) 



R i -C-C-C-R; 



/ 



However, R1 and R2 respectively Cn Y2n+ 1 (Y — hydrogen, heavy hydrogen, or a halogen atom 
— ) n is the alkyl group, the deuteration alkyl group, the alkyl halide radical, or C 6Y5 expressed 
with five or less positive integer. It is the phenyl group, deuteration phenyl group, or halogenation 
phenyl group expressed. M is the rare earth metal atom chosen from the group which consists of 
Er, Pr, and Nd. Optical waveguide characterized by including the rare earth metal complex 
expressed. 

[Claim 2] The rare earth metal complex of said core section is the following general formula (II). 
[Formula 2] 
Xi R, 

I I 

- C C- (II) 

I I 

X 2 C00R 2 

( — however, X1 and X2 are heavy hydrogen or a halogen, respectively, R1 is either heavy 
hydrogen, CD3 or a halogen, and R2 is an alkyl halide radical expressed with Cn Y2n+1 (Y is a 
halogen and n is five or less positive integer).) — optical waveguide according to claim 1 
characterized by being contained in the polyacrylate which repeats the chemical structure 
expressed and it has as a unit. 

[Claim 3] The rare earth metal complex of said core section is the following general formula (III). 
[Formula 3] 

Ri 

I 

- S i -0 - (III) 



( — however, R1 and R2 are the phenyl groups, deuteration phenyl groups, or halogenation phenyl 
groups which are expressed with the alkyl group, the deuteration alkyl group, the alkyl halide 
radical, or C 6Y5 expressed with Cn Y2n+1 (Y is hydrogen, heavy hydrogen, or a halogen atom, 
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and n is five or less positive integer), respectively.) — optical waveguide according to claim 1 
characterized by being contained in the polysiloxane which repeats the chemical structure 
expressed and it has as a unit. 

[Claim 4] The rare earth metal complex of said core section is the following general formula (IV). 
[Formula 4] 

R i 

I 

-Si-O- 
I 

0 (IV) 

I 

- S i - 0 - 
I 



R 



2 



( — however, R1 and R2 are the phenyl groups, deuteration phenyl groups, or halogenation phenyl 
groups which are expressed with the alkyl group, the deuteration alkyl group, the alkyl halide 
radical, or C 6Y5 expressed with Cn Y2n+1 (Y is hydrogen, heavy hydrogen, or a halogen atom, 
and n is five or less positive integer), respectively.) — optical waveguide according to claim 1 
characterized by being contained in the polysiloxane which repeats the chemical structure 
expressed and it has as a unit. 

[Claim 5] Optical waveguide according to claim 1 characterized by containing the rare-earth- 
metal complex of said core section in the copolymer of the siloxane which repeats the chemical 
structure expressed with the following general formula (III) and (IV), and it has as a unit: It is 
[Formula 5]. 

R. 
I 

R t -S i -0- 

I I 
-S i -0- (III) 0 (IV) 

I I 
R 2 -Si-O- 

I 



R 



2 



However, R1 And R2 The alkyl group, the deuteration alkyl group, the alkyl halide radical, or C 
6Y5 expressed with Cn Y2n+1 (Y is hydrogen, heavy hydrogen, or a halogen atom, and n is five or 
less positive integer), respectively It is the phenyl group, deuteration phenyl group, or 
halogenation phenyl group expressed. 
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which surrounds this core section and has a refractive index lower than the core section, in 
order to attain the above-mentioned purpose, said core section is the following general formula 

(1). 

[0006] 
[Formula 6] 

0 Y 0 



R i -C-C-C- R. I M 



( 1 ) 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the optical waveguide containing a rare earth 
metal complex usable as optical materials, such as waveguide for optical brtcgrateds circuit and 
a plastic optical fiber. 
[0002} 

[Description of the Prior Art] Generally the thing of inorganic systems, such as quartz glass and 
mulucornponont glass, is used from optical transmission bss being small as a base material of an 
optic or an optical fiber, and a transmission band being targe. By adding rare earth elements to 
such optical fibers and optical waveguides, the attempt which attains functionafization of laser, a 
magnification operation, etc is made (for example, collection of Institute of Electronics. 
Information and Communication Engineers drafts in 1989 fiscal year 4 -293 reference by Hibino 
and others). In order to pud out sufficient effectiveness, it is necessary to add high- 
concentration rare earth elements on optical components or a fiber at homogeneity. Since 
concentration is raised by lengthening the part containing rare earth elements in the case of a 
fiber, a magnification operation is large and there are some which are put in practical use in part 
However, in the esse of optical waveguide, moreover, rare earth elements cannot be added to 
homogeneity at high concentration, and sufficient effectiveness is not obtain od. The sot-gel 
method is proposed as an approach of solving this (the collection 4-232 of the Institute of 
Electronics. Information and Communication Engineers drafts in the 1991 fiscal year by Hoshino 
and others, D.J.Olpovanni et aL OFC91WA2). The chloride of a metal alkoxido and rare earth 
elements is used as a raw material, and hydrolysis and a peJycondensation reaction aro made to 
cause in a homogeneous solution. If it is with this approach, the quartz him which moreover 
contains rare earth clement* rt high concentration at homogeneity is producWe. However, the 
thick film cannot be formed because of the exfoliation from cracking or a substrate. 
[0003) The optical material which uses the plastics other than textile glass yam as a base 
material is also developed, these plastics optical materials — an inorganic system — comparing 
— workability — good — handling — being easy — etc. — it is observed from having the 
description. However, these plastics fight components have the fault that loss is largo, greatly 
( the attenuation degree of the light which transmits the interior compared with an inorganic 
system ]. Moreover, after carrying out for introducing rare earth elements into a polymer at the 
form of an organic metal or an organic chelate, it is necessary to mis. However, the organic 
metal of rare earth had the fault in which plastics and compatibility are bad and tend to oxidize. 
[0004] 

[ProWemW to bo Solved by the Invention] It is in the place which this invention is made in view 
of the above-mentioned situation, and is made into the purpose offering the optical waveguide 
which contains the rare earth metal complex in which it is low loss and luminescence and a 
magnification operation are shown ranging from the light region to a near-infrared ray range. 
[0005] 

[Means for Solving the Problem] Setting this invention to tho optical waveguide which has the 
core section which consists of a polymer, and the clad section which consists of a polymer 



[0007] However. RI and R2 respectively Cn Y2n* 1 (Y — hydrogen, heavy hydrogen, or a 
halogen atom — ) n is the alkyl group, the deuteration alkyl group, the alkyl haBde radical, or C 
SYS expressed with five or less positive integer, tt is the phenyl group, deuteration phenyl group, 
or halogcnation phenyl group expressed. M is the rare earth metal atom chosen from the group 
which consists of Er. Pr. and Nd. It is characterized by including the rare earth metal complex 
expressed. 

[0008] The potysabxane expressed with the pcryacrytoto expressed with tho following general 
formula (ID as a thing suitable as a medium containing these complexes, a general formula (ED. 
and (IV) is used. 
[0009] 
[Formula 7] 

X. R i 

I I 

-C C- (ID 

I I 

X, COORi 

[0010] XI [ however. ] And X2 respectively — heavy hydrogen or a halogen — it is — RI Heavy 
hycVogen and CD3 or either of the halogens — it is — R2 It is the alkyl helido radical expressed 
with Cn Y2n*t (Y is a halogen and n is five or less positive integer). 
[0011] 
[Formula 6] 

R i 

I 

-S I -0- (III) 



[001 2] However. RI And R2 The alkyl group, the deuteration alkyl group, the alkyl haBde radical, 
or C 6Y5 expressed with Cn Y2n+1 (Y is hydrogen, heavy hydrogen, or a halogen atom, and n is 
five or less positive integer), respectively It is the phenyl group, deuteration phenyl group, or 
halogenation phenyl group expressed 
[0013] 
[Formula 9] 

R i 
I 

- S i -0 - 

I 

0 (IV) 

I 

-S 1-0- 

I 
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[0014] However. Rt And R2 The alkyl group, the deuteration alkyl group, the alkyl haBde radical, 
or C SYS expressed with Cn Y2n+1 (Y is hydrogen, heavy hydrogen, or a halogen atom, and n is 
five or less positive integer), respectively It is the phenyl group, deuteration phenyl group, or 
halogenation phenyl group expressed. 
[0015] 

[Function] As stated previously, the conventional complex and conventional organic metal of a 
rare earth metal melted only into the limited organic solvent but moreover tended [ very ] to 
oxidize, and the problem was in preservation stability — precipitate arises — or homogeneity. 
However, it can dissolve in many organic solvents, and oxidation cannot take place easily, either, 
and the rare earth metal complex of this invention can be distributed to homogeneity at 
waveguide. 

[0016] The above-mentioned general formula (11) and (III) the polyaeryiete shown by (IV), and a 
pofy silo x one could control the refractive index easily first and. moreover, this invention persons 
found out there being Irttlo effect of OH oscillating absorption accompanying moisture 
absorption, and excelling as plastics optical waveguide (refer to JP.3- 1 88402.A and Japanese 
Patent Application No. No. 262023 [ two to ]). 

[001 7] It is using as ossence for rare earth elements to make this invention through these tho 
waveguide which can obtain the polymer which moreover went into homogeneity by high 
concentration, and can cause luminescence and a magnification operation using it That is,' 
although there were few organic solvents which melt rare earth elements and high concentration 
and homogeneity were not able to be mixed conventionally, it is solvable with this invention. 
Moreover, when forming this plastics optical waveguide on a substrate, flexible things of a 
substrate, such as not only a hard substrate but a plastic plate, are usable Bke a silicon 
substrate and a glass substrate. 

[0018] Tho manufacturing method of the polymer in this invention is the same as manufacturing 
methods, such as general polymethoeryiate and a polysiloxane. Moreover, as for the molecular 
weight of SHIROKISAMPOPJMA. 100.000 or more are desirable in order to avoid cracking when 
forming the film. 
[0019] 

[Example] Hereafter, although the example of this invention is explained to a detail this invention 
is not limited to these examples. 

[0020] The waveguide which uses as a core component the thing which made the copolymer 
(copoh/morization ratios 1/9) of (example l] oTchloro phenytsilane and TORKURORO 
phenyisitane distribute tho ocetylacetone complex of Nd. and uses polypheny! silsosquioxane as a 
dad component was produced. That is. first the copolymer and 1wt% Nd-acotylacotone complex 
were melted to methyl isofautyl ketone, and it considered as tho solution. Next the clad 
component polymer was applied to the thickness of about 15 micrometers on the plastic plate or 
tho processed sificon substrate. The core component polymer was applied to the thickness of 
about 8 micrometers on BEKU and an after ( desiccation processing ] clad component polymer. 
Next the core component polymer was processod into the straight-fine rectangle pattern with 
die length of 50mm. a width of face ( of 6 micrometers J. and a height of 8 micrometers by phot 
lithography and dry etching. After processing, the clad component was appBed on the core 
component polymer, and waveguide was obtained. A dielectric mirror is vapor-doposited to the 
both- ends side of waveguide, and it is Ar*. Laser, excitation dye laser, and a Ti:ak*minum2 03 
CW laser beam were irradiated from the end of waveguide. Outgoing radiation light was divided 
into excitation light and a laser beam using the dielectric mirror, and laser beam reinforcement 
was measured. 1.05 and 1.31 -micrometer gain were 7dB and 2dB. respectively. 
(0021] The waveguide which uses a core component and deuteration polypheny! silsesquioxane 
as a dad component for the thing which made the cooorymer (copoiymerization ratios 1/9) of 
(example 2) deuteration dtchkro phenytsilane and deuteration T0RIKUR0RO phenytsilane 
distribute the dipivaloyt methane complex of Er was produced. 

[0022] The copolymer and I wt% Er-acetylacetone complex were melted to methyl isobutyt 
ketone, and it considered as the solution The laser beam reinforcement of the waveguide 



hereafter obtained Eke the example 1 was measured. 1 .55-micrometer gain was 8dB. 
[0023] [Example 3] heptafWo isopropyt methacrylato - Thoy are a core component and 
heptaHuoro isopropyt methaerytata about the thing which made tho copolymer (copotymerization 
ratios 5/5) deuteration polymethylmethacrylate of dS and par due 
TEROMECHIRUMETAKURIRETO distribute tho dipivaloyl methane complex of Pr. - The 
waveguide which uses tho copolymer (coporymerization ratios 6/4) of dS and par due 
TEROMECHIRUMETAKURIRETO as a clad component was produced. 

[0024] The copolymer of the copoiymerization ratios 5/5 and tha dipivaloyl methane complex of 
IwtS Pr were molted to methyl isobutyt ketone, and it considered as tho solution. The laser 
beam reinforcement of the waveguide hereafter obtained 1*0 the example 1 was measured. 1.31- 
micrometer gain was 9d8. 

[0025] Tho [example 4-7] polymer was used as tho core component and waveguide was 
produced like examples 1. 2. and 3. The Mitsutoshi profit was investigated, respectively and the 
value shown in Table 1 was acquired 
[0026] 
(Table 1] 





warn* 


(urn) 


mm 


E r-7tWth> 


2 


1.55 


7dB 


P r -T*z*A>7*Y > 


i 


1.3! 


tOdB 




3 


1. SI 


4dB 


P r - PfcT-tta-f jt,* ? y 


1 


1.31 


6dB 



* a* sea ©a^tt^fcww isa mm * * r 

[0027] 

(Effect of the Invention] As explained above, while the optical waveguide of this invention has 
tho optical transmission property which was excellent in the visible - near-infrared ray range 
compared with tho conventional thing, laser oscillation is possible for it on high gain. Therefore, rt 
can be used as an active mold circuit element like guided wave form laser or an amplifier. That 
is there is an advantage which can constitute the largo Bghtwavo signal transmission system of 
the application range with the optical components produced using these optical materials. 
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Abstract of JP5088026 

PURPOSE:To obtain the optical waveguide contg. a rare earth metal complex which is low in loss from 
a visible light region to an IR region and exhibits light emitting and amplifying effects by incorporating 
the specific rare earth metal complex into a core part consisting of a polymer. CONSTITUTION:The 
rare earth metal complex expressed by formula I is incorporated into the optical waveguide having the 
core part consisting of the polymer and a clad part consisting of a polymer enclosing the core part and 
having the refractive index lower than the refractive index of the core part. In the formula I, R1, R2 are 
respectively the alkyl group expressed by CnY2n+1 (Y is hydrogen, deuterium or halogen atom, (n) is 
positive integer <=5), deuterated alkyl group or halogenated alkyl group or the phenyl group expressed 
by C6Y5, deuterated phenyl group or halogenated phenyl group; M denotes a rare earth metal atom 
selected from a group consisting of Er, Pr and Nd. 
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